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A study qf ground water in the Pompernug Bosin, Pon:i., 
by Oscar Edwctrd d le inrer  nnd Nornh Dowel7 Stetrrn9.'--- 
In this paper the authors have made a quantitative study 
of the intake and discliarge of water on the basin of Porn- 
peraug River, Conn. The drainace basin of that rirer is 
situated in the central pRrt of t,he western highlcnd ol 
Connecticut. It is ahoiit 17 miles in length and S ndes  
in ma..;inium width and has an area of about 89 sqiinre 
miles and comprises nearly all of the towns of Bethlehem 
and Woodhurg and a large part of the town of Snutli- 
bury, and small parts of the towns of Rosbury, Kashing- 
ton, Morris, Watertomn, and Middlebury. 

The highest point in the basin 1,150 feet above sea 
level, is a t  the northern extremity, near the village of 
Morris; the lowest point, only 100 feet above sea level, is 
at the mouth of Pomperaug River. The hasin consists 
chiefly of rather rugged uplands, but in the south-central 
part there are extensive valley areas. 

Inasmuch as this is one of the few efforts that  have 
been made in the humid east to determine, month by 
month what beconies of the precipitation that occurs 
over a basin, the summary and conclusions of tlie authors 
are reproduced in full.-A. J .  H .  

SUMMUBRT 

The water in the drainage basin of Poniperaiig River 
is nearly all derived from precipitntion-tliat is, from the 
rain and snow which fell on the hasin. I t  is nearly i d 1  
disposed of as  run-off or by  evnpxntion-tllatj is, it is 
either carried out of the basin by Bmiperaug River or 
else is evaporated directly or tliroiigh t!ie agency of plants. 
In the three full years covered by this investigation, 
October, 1913, to September, 1916, according to the data 
that were obtained, the precipitation everaged 44.41 
inches, the run-off 20.66 inches, and the evaporn tioii 
23.20 inches a year (plus or minus a slight un1;nown clif- 
ference in stream and soil storage). Moreover, tllere n a s  
during the 3-y.enr period R net increase in ground-n ater 
storage (that IS, in the quantity of is.izter stored in the 
zone of saturation) which nmuunietl to 1 . P 5  in( hes, or an 
average of 0.61 inch a year, ns is shoun by the higher 
position of the u ater table at  (!le enti t h n n  at  thc 1)eginninp 
of the period. 

During the 3-year period the grouncl-water recharge, or 
quantit,y of water that  percolated froin the surface to 
the water table and entered the zone of snturntion, 
averaged 15.5s  inches a year. Of this amount, an aver- 
age of 8.76 inches seeped into Poniperaug River and its 
tributaries and was carried out of the basin by the river, 
6.31 inches evaporated either directly or through the 
agency of plants, and 0.61 inch remained in storage in 
the zone of saturation. 

According to these results, in the 3-year period the 
total run-off ainountecl to about 4Gfh per cent and the 
total evaporation to about 52 per cent of the precipita- 
tion, about 1); per cent of the precipitation being stored 
in the zone of saturation. The ground-mater recharge 
amounted to about 35 per cent of the precipitation, of 
which somewhat inore than half was disposed of ns rim- 
off and somewhat less than hitlf by evaporation. More 
precisely, the ground-water run-off amounted to about 
19)i per cent of the precipitation, the ground-water evap- 
oration to about 14 per cent, nnd the net increase in 
ground-water storage to about 1); per cent. 

There was no marked seasonal distribution of the pre- 
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into a replenishing and a depleting season. I n  the 
replenishing season, from late fall to early spring, an 
average n€ ap~rminia te ly  7 inches of water WES stored in 
the 7nne of siiturntion, over and above the ithdrawals 
RS run-off a n d  by evaporation; in the depleting season, 
from late spring to rnrly fall, nearly a like average 
amount wis witlic1ran.n from storape, in addition to the 
contributions that were occnsionally receired by the 
zone of saturation during this season. Most of the ~ a t e r  
withr1rnv;n from s t o r q e  during the depleting season was 
utilized by the vegetation or otherwise evaporated; only 
R smnl! par t  ran off through Pomperaug Rirer. In  any 
long period of years the average seasonal ciepletion will, 
of course, be very nearly equal to tlie nverRge seasonal 
replenishni en t . 

In the iollowing tables are given a sunmiary of the 
niont1:l-y arid annual inventories of the water supply of 
this basin during the period covered by the investigation: 
Z i i w i i l o l  y oj [l ie water S l l ) l ] J ~ ~  of the Poinpc'ruiig Bnuiri, Ju ly ,  1913, to 
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Inventory of the average ? ? l O ? L t h l ~  water conditions in ihe Poniperairg 
Bas in .  July, 1913, to Decenther, 1916, in depth i n  inches over ihc 
drainage area 

[BaseGl on nll d a t ~  in the prrrPtling t s h l ~ l  

October ...... 4.12 
Norenihcr.. - 1  2 . m  
Drcpruhrr .... 3.7; 
January ...... 3.66 
February ..... -1.50 
3Iarch.. .~ ... 3. S5 
.4yril....-.... 3. iii 
hlny ._.____.. 3.35 
June ___..._._ 3.09 
July .......-.. 4.50 
August ....-.- 4. s9 
September ... 2. $2 
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1 Based on mnutl7ly prwipitation durlnE the p?iiod, not Wnt~rhaiy utumzl. 

Inventory of Ihe anniral water s u p p l y  of the Potnpernug Ba,siti, Oclober, 
1913, to Sepiemher,  1916, in depili  in i t c h e s  oiler the r l m i i i c i g c ~  
area 

[Bawd on d l  ddtJ in the  prtrriliug tnhlt.1 

Month 

Octoher, 1913. to Sep- 
temher, IYIJL.. . ~ .  . 

October, 1914, t o  Sep- 
tember, 191.5 

October, 1915, to Sep- 
tember, 1Y16 -....... 

dvernge-.. . . . . . 
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OF METHODS AND RESULTS 

In  arid regions so many qiiantitative investigations of 
ground-water supplies hare been m d e  thrtt the methods 
of work are rclntively \I ell un,l?rstocd. In  humid regions, 
however, much less quantitative .A ork has been clone, 
the methods that are ernplnytd in :wid rcgions ere largely 
inapplicable, and the pro1)lctii o f  niahinc qrinntitutive 
estinxtcs is inherently more tliflicu!t. Tlie ni(3tlim-i i i v d  
in this invwti~at ic~i i  i-: )I ronipusiitc of sc\ era1 :ivailable 
methods and h n s  doubtle:+ led to  niwe rcliahlc rcsolt8s 
than could have been obtained by the application of nny 
single method. The observations made, however, -7ere 
not adequate in number nor sufficiently refined to lead 
to very accurate results, iintl the period of ohserv a t '  1C)IlS 
was too short to give average conditions. With the same 
general method niuch more accurate results can be 
obtained if sufficient, funds and time are nwjlnhlc to 
niake niore numerous and niore detnilcd observations. 

The precipitation records show that many of tlip ritins 
and snows are local or vary in intensity within short 
distnnces, and that an acclirtif,e n?en.;iire of the qumti ty  
of water that  falls :ipm an nrcn so Inr3 as the Pomperaug 
Basin can not  he ohtainetl from three rain gtigcs, evcii 
though they art- well distributed and there t j r r  no z : ip~  
in the rc~ords.  \Vherr so fcw ~ i i g c s  are uscii the clnily 
records nrc the most lilielp t o  br unrepres~ntat,ivc, bui, 
even the monthly and ncnual records n i n p  show consider- 
ably more or less precipitntiou t h m  the true nveragr for 
the basin. I t  shou!d be noted, hoijever, that  with the 
method that was used the records of prccipitation do not 
enter directly into the ground-water estimates. 

I n  such an investigation the record of total run-off, as 
deterniined by the gaging station near the mouth of the 
trunk st,ream, is very important, a.nd more money 
should be spent) than was available for the station at 
Bi.nnet,ts Bridge, to make this rec.ord acc,urnte and 
complehe. Instead of a. stafi gage read by a local ob- 
server once or t1vic.e n. day, a n  a.ut,oniatic gage, or water- 
s h g e  recorder, should be installed. In  winter, when the 
relation of discharge to &age is disturbed by ice. in the 
river, a suficient, nuniber of c,urrent-meter measurements 
should be niade t,o obt'ain a complete and reliable record. 

In  this invest,ignt,ion the est,ima.tes of ground-water 
run-off were base,d on the discharge of the Pomperaug at 
Bennetts Bridge-that is, on the discharge during the 
periods between rains, when there was virtually no 
direct run-off le.ft in the stre.atm system. Much better 
results c.ould be obtained by basing the estimates on 
periods beginning a.s soon after rains as all of the direct 
run-off has reached the streams. With this method the 
ground-water run-off during any particular day would 
be t'he totill run-off minus the decrease in stream storage. 
The decrease in stre,nni stomge could be estimated by 
maintaining gages a t  se,veral points on the trunk streani 
and on select,ed t.ributarie.s and making surveys of the 
streani system showing the approximate water areas of 
different parts of the system a t  different gage heights. 
Cialculations show that in a drainage basin which is not 
larger than the Pompe.raug the total quantity of water 
stored in the st,rea.m system $it any time is rather sinal1 
conipared with the rate of discharge and hence tha.t 
errors in the, nieasiirement of decrease in storage will 
introduc.e relatively small errors in the estimates of 
ground-water run-off. Tlie proposed method would 
have the advantage over the niethod used in t,his investi- 
gation in that. the record would cover a niuch larger part 
of each period between rains and that the entire process 
would Le one of observat,ion and measurement without 
t,he, intangible featmure of the present method. It would 
not 1w necessary to iiiake current-meter measurements 
to develop rating curves a t  the subsidiary stations, as 
only change in storage., indicst,e,cl by c,hange in gage 
height,, is involved, not rate of discharge. 

Records should be obt'ained in regard to snow st,orage 
and soil storage. The precipit8at8ion records should show 
w\-het,her the. pre.cipit,at,ion occurred as ra.in or snow, and 
tdiere should be a record of the days when the snow con- 
txibuted to the. dire& run-off, when it did not thaw suffi- 
ciently to contribute to the run-off, when the ground was 
virtually free of snow, and when the ground was frozen. 
Soil st,orage is an iinport,ant it'eni in the monthly invent,ory 
and c,ould be estimated on t,he first of each month by 
niaking a number of moisture det,erniinations of soil 
samples collect,ed in fairly t8ypical locations. Large num- 
bers of moisture det,erminations are made in connection 
with dry-f arniing and i r r ighon investigabions, and some 
are now made in t,he laboratories of the Geological Survey 
in connec.t,ion wit,li hydrologic investigations. 

There should be R larger number of observation wells, 
they should be niore widely distribut,ed over the basin, 
and so far R S  possible they should be equipped with auto- 
niat,ic. water-stage recorders. Much niore worli should be 
done to det,erniine t,he spec,ific yield of 6he different kinds 
of material in which the wat,er table occurs, because the. 
spwific yield is a fnct)or in the estimates of ground-water re- 
charge and ground-water evaporation. In  rece.nt investi- 
gations it has been found fensible to obtain c.olumns of the 
undist,urbed mat.erials and t,o riiake direct t,est.s of the spe- 
cific yield of these riiateria.ls in t)heir natural st,at8e. The col- 
umnsare takendirectlyabove thewater tableat alowstage. 
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Records of evaporation from a free water surface should 

be obtained for the entire period covered by bhe invest)i- 
gation. Work could also be done in det,erniining t,rans- 
piration and soil evaporation by t#ank esperinieiit,s and 
from daily fluctuations of the water t,able s1io.u.n by water- 
stage recorders over wells. Indeed, with t,he methods 
that have been outlined, the accuracy of the results in a 
quant,itat,ive st,udy of the waber resources of an area. will 
be largely a funct.ion of the funds and t h e  available. for 

W. Peppler on characteristic -fentwres of nir curreIi.t.s on. 
coasts (dleteorologische Zeitschrift, February, 1929) .-The 
remarks of W. Georgii and H. Hoschmeider in Hejt S, 
Meteorologiscke Zeitschrift, 1928, lead me to make a few 
statements relative to  the air curre.nts on the coast, of 
Flanders. I n  the course of the two years during which I 
was engaged in the work of t,he naval kite sbation a t  
Bree,dene near Ost,e.nd, I had abundant opportunity to 
become acqua.inted wit>h t,he int,e,resting conditions of t,he, 
current as i t  came from the open sea upon t'he land and 
also with the effect of the dunes upon t,he current. Al- 
though the.re was no opportunity to undert,ake specinl 
invest,igat.ions of definite individual problems, the charac- 
teristic features of t,he coast as related to ae.rology forced 
themselves inbo notice a t  the t,ime,s of t,he daily kit'e flighbs. 

Espec.ially with stormy west winds there was plainly 
observed the influences of t,he c.oiist and the dunes in pro- 
duc,ing an intensification of disturbances in the air. For 
this reason and on account, of t,he, well known stormy 
characker of the weather on the, coast, of bhe channel, t,he 
kite station suflered considerably until a certain adapt:+ 
tion of kitme technique w-tis taken up, and with a specially 
strong kite, constructed accordiiig t'o instructions froni 
Herman John, there came success, even in a henvy st,nrni, 
in launching and landing i t  for the most part undaniaged. 
One can hardly iniagine t,he, terific wind veloc.it,ie.s and t,he 
estraordina.ry turbulence t,hat ofte,n prevail in the wind 
currents of the channel. 

In  a storm tjhe following conditions we,re charac,t.erist'ic : 
If the west st80rm was from the open sea ngainst, t,he const 
the wind veloc.ities on t.he, shore in front of t,he dunes were 
considerably greater than t,hoae a t  the kite station situat'cd 
on a level plot of ground 300 meters behind t,he dunes. 
Despit,e the relatively slight, ele,vatioii of the dunes (ab011 t, 
30 meters) their windbreak ett'cc t. st,ret,clietl inland tit, least, 
400 meters. Of course,, it is to be t,ake,n int)o c.onsider:Ltion 
that even on a flat, shore t,he. wind force de,creases rnpitily 
toward the int,erior on account of t.he sudden and marked 
increase in frict,ion with t,he passage of t,he c,urrent> froni 
sea t,o land. There forms, so t80 speak, a pillow of air 
over which t,he siicceeding masses of air must mount. 
Be.hind the dunes in the space where the conditions were 
affec,ted by t8he w i n d h a l i  t8here was an extraordinary in- 
crease in wind velocity, usually from 10 to 30 me,ters pe,r 
second, from the ground t.0 about 60 nieters elevat,ion, 
where in some cases 35 niet8ers pe,r second must have, pre- 
vailed in so far as could be determined with any certainty 
from t,he course of the small st.orni kites. Generally it 
was observed that the kit,e entered more or less suddenly 
int,o an extremely t>urbulent curre,nt when i t  came t,o t,he, 
elevation of t,he crest,s of the dunes. This st,rat,um of 
turbulence had a thickness of about, 100 met,ers. Above 
it the flow of air became soniewhat more shady  and in 
many cases the me.an velocit,y dec.re.ased to increase again 
above some 500 meters. In  the st,ratum of t u r b u h c e  
above the elevation of the crest,s of the dune,s there pass in 
rapid succession over the relat,ively calni, lower strat'uiii 
very strong whirls that  bring marked oscillations in the 
readings of the dynamograph. These whirls evidently 
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originate through friction and the damming of the current 
on the dunes. 

In  the current behind the dunes the following strata 
can be difierentiated: 

1. Relatively calm, less turbulent ground stratum that 
reaches to the height of the crests of the dunes. Here 
there is very niarked increase in wind force upward from 
the ground. 

2. Stratum of greatest turbulence between about 40 
and 100 meters elevation. The lower and upper limits 
of this stratum nrc more or less plainly marked. 

3 .  Stratum of moderate turbulence with wind velocity 
frequently decreasing upward. 

In fiights during storiny west winds the vertical tem- 
perature wns such that up to from 50 to 100 meters above 
the grouiid (upper limit of the second stratum) there 
prevailed ninrlied decrease in temperature (frequently 
1' C. per 100 meters). I have shown 
that for the average of many flights the vertical tempera- 
ture gradient of the ground stratum increases in propor- 
tion to the wind velocity. As is well known, the cause is 
niechanical interinising. Striking and unexpected to me, 
however, W R ~  the frequent, observation that the tempera- 
ture gradient decreased above the ground stratum and 
that there lay a t  froni 50 to 100 meters elevation a slight 
inversion or then isothermacy. A t  first I thought this 
discontinuity the remnant of a nocturnal ground inver- 
sion ; however, this view was not tenable since with cloudy 
weather and storm from the west inversions could neither 
forni nor maintain themselves. hloreover, these dis- 
continuities occurred with the afternoon flights also. 

The fact that these discontinuities are not always 
I'resent with westerly winds is esplninable when they 
occur in the same nianner as the niouiitain inversions 
cited by W. Georgii, occurring, thus, only when the lapse 
rate in the unclisturhed current is less than 1' C!. per 100 
meters. In  the storm the lnpse rate in the ground 
stratum is often equal to or greater than lo  C.  per 100 
meters. The fact that this discontinuity, originating in 
the olstruction presented by the dunes, lies not directly 
a t  the crests of the dunes, but a t  a higher elevation is 
explained by the stratum of turbulence. One can con- 
ceive of the bound:iry between this and the upper undis- 
turbed current as a kind of glide surface, although i t  is of 
n kind other than the glide surface hetwern different 
bodies of nir. In conclusion, I ninp mention that the 
upward wind over the dunes occasionally iiiakes itself 
evident in fracto-nimbus cloudlets that iorni in strong 
wind over the dunes (and only there) a t  elevations of 
from 100 to 200 meters. 

It, is regrettable that the individual flights and the 
numerous interesting meteorological, aerological, and 
cloud ohservations contained in niy war journal of over 
5,000 pages could not he published on account of lack of 
funds. They contain, among other things, many inter- 
esting notes and observations on the air current and 
temperature conditions on coasts.-Ti-andated by IT. W. 
Reed. 

Nile silt doers not enrich the soil.-It has been held since 
the ages of the Pharaohs that silt enriches the soil and 
the clns.;ical example given is the Nile Valley. Comes 
along now Dr. E. hlcIienzie Taylor, of the School of 
.lgriculture, University of C'anihridge, England, who 
holds that thr  age-morn view is fallticious.2 The editor 
of that  journal in commenting upon the article rightly 

In  another paper 

r~eutsche Seewarte, IIamhurg. 1X3. 
a E. hlcKeuzie Tdylor, Engineering News-Record, June 20, 1929. 


